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COEFFICIENTS OF A BOATTAIL BODY OF REVOLUTION WITH
A SIMULATED TURBOJET EXHAUST ISSUING AT THE
BASE FROM CONICAL SHORT-LENGTH EJECTORS
By Ralph A. Felangse and Abrehem I..eiss

SIMMARY

Four T.5° boattall bodles of revolution with secondery air scoops
were tested in free-fllight to find the change in drag coefficient when
a slmuleted turbojet exheust issued fram coniceal short-length ejectors.
Models 1 and 2 each had single scoops and a spaclng ratio 'l,[‘d..p of 0.387,

vhereas model 3 had two scoops end the same 1[dp as models 1 and 2.
Model 4 had & single scoop and an 'L[dp of 0.,097. All models tested
had the same dlemeter ratio 4, I dp of 1.256. The results indicaeted that

the Jet-on total drag coefficlents were lower throughout the test Mech
number renge than corresponding Jet-off values of the forebody drag coef-
ficlent. Furthermore, it appeared that increasing the corrected welght-

flow ratio by doubling the nmumber of secondary scoops increased the ‘»*-+? 3L

increment between Jet-on and Jjet~off drag coefficients.

INTRODUCTION

The propulsive Jet 1ssuing from the base of engint naeeiles or the
reerward section of fuselages can cause en spprecisble Teduction of the
external configuration dreg (es reported in refs. 1 to §), Whsh.thSeww -
propulsive Jet was used in a short-length ejector with secondsry alif
flow, wvhich wes needed for cooling the engine and accessories, base and
boattall pressure drag reductions (from jet-off condition) were obtained
(es reported in refs. T to 11). The effect of & primary jet with sec-
ondery air flow on external configuration drag, however, has not been
fully investigated and, of the investigations conducted (refs. T to 11),
only reference 11 hes published data covering the transonic speed range
in vhich present-day Jet alrereft were operating. Thus, as a phase of
the current Jet-effect research progrem at the Langley Laboratory, a

-
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study of the effects of a jJet issuing at ‘the base from conical shroud
eJectors on the external configuration drag was made through the tren-
sonic and low supersonlc speed range eand is reported herein. _

The investigation consisted of the free-flight testing of four
research models with conical elector-shroud assemblies. The primary
Jet 1ssued from & sonic nozzle and simulated full-scale turbojet exhaust
parameters by use of a solid propellant rocket motor (designed according
to ref. 12). Auxiliary external inlets supplied and controlled the
amount of secondary cooling air used in the models. The variables for
the models tested were spacing ratio 1 [dp and corrected welght-flow

ratio. The tests were conducted at the Langley Pilotless Aircraft
Research Station at Wallops Island, Va. Jet-off data covered a Mach
number range from 0.85 to 1.47 and Jet-on data, from 0.92 to 1.47. The
Reynolds number (based on body length) varied during the jet-off phese

from 19.5 X 105 to 52 x 105 and Guring the jet-on phese from 25 X 100

to 46.9 X 106. The ratio of the Jet static pressure to the free-stream
static pressure varied from sbout 3.0 to 4.2 and the corrected welght-
flow ratio varied from 0.014 to 0.044 during the Jet-on phase.,

SYMBOLS

A erea, sq £t ’

Cp! drag coefficlent at secondary air-flow ratio of 0.009
' 'CD drag coefficient at flight. secondary air-flow ratlos

CIJ pressure coefficlent

a diemeter, £t

Fe,j .. ‘e.jec’tor gross thrust, 1b

Fy ... - ‘p,x_'imary Jet thrust, 1b

1 distance between nozzle exit to model base, £t

M Mach number

P static pressure, 1b/sq £t

Py total pressure, 1b/sq £t

3~ L, S A
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Npe Reynolds number (besed on body length)
R gas constant, 1b-£t/1b-CR

8 maximm cross-sectlonsl aree, sq £t

t time, sec

W welght flow, 1b/sec

== ;—8 corrected weight-flow ratio of secondary eir to primsry jet
PY™P

T temperature, °R

7 retio of specific heats

Subscripts:

b bese

f forebody (excludes base of model)

b primery

8 gsecondery

t total

W wall

) free streem

rms root mean square

MODELS AND AFPARATUS

Models

The external fuselage of the models consisted of a parabolic noee, a
cylindricel center sectlion with a 6.5-inch diameter, and & conical boat-
tail. The parabolic nose section, the coordinates of which are given in
table I, was 26.00 inches long and the straight cylindrlcal section was
28.03 inches in length. The conilcal boattail hed & T7.5° engle and wes
10.97 inches long. The totel length of the fuselage was 65.00 inches;

" Sy
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thus, the configuration had a fineness ratio of 10. Four thin 60° swept-
back fins with beveled leading and tralling edges attached to the conical
afterbody were used to stabilize the body in flight. Photographs of the
configurations tested are shown in figure 1. .

The external appearance of the test models was alike, except for the
number of secondary alr scoops incorporeted on each model. Models 1, 2,
and L4 had single scoops, whereas model 3 had two scoops which were 180°
epart. Models 1 and 2 were dimensionslly identical. A two-view drawing
end detailed dimensions of a single-scoop model are shown in figure 2.
Similar .scoops were used on all the test models and a typical cross sec-
tion of one scoop is shown in figure 2. : -

Models 1, 2, and 3 had the ssme spacing ratio 'l./clP = 0.387, whereas
model 4 had an Z/dp of 0.097. All models tested hed the same diemeter
ratio dgfd, = 1.256. '

Figure 3(a) shows details of the conicel ejector-shroud assembly
used on these models. The ejector parameters, mixing length 1, spacing
ratios 'I./dp, and dlemeter ratios ds/d.p for each model are also glven

in this figure. Photographs illustreting the two spacing ratios used
are shown as figure 3(b). The tube end orifice (location given in

fig. 3(a)) used to measure wall-exit static pressure during jet-off and
Jet-on flight can be seen in these photographs.

Figure 4 shows a cross section of the turbojet simulator used in
the flight models. It consisted essentially of a combustion chamber, a
flow-control nozzle, a plenum chamber, and a convergent sonic-exit sec-
tion. The simulators ubtilized a modified 35.25-inch aircraft rocket com-
bustion chamber containing a specially machined cordite SU/K solid
propellant. Each turbojet simulator had a throat diemeter of 1.154 inches
and & sonic-exit diemeter of 2.582 inches. The models had an average
take-of f weight of M4.30 pounds.

Model Instrumentation

A five-channel telemeter, which was carried in the nose section of
each model, continuously transmitted measurements of accelerstion, com-
bustion chember pressure, secondary-flow inlet static pressure, secondary-
flow total pressure and exlt-wall statlc pressure to ground receiving sta-
tions. The secondary-flow static-pressure orifice was located in ‘the
throat of the secondary inlet nozzle as shown in figure 2, whereas the
secondary total pressure deta represent an average obteined from four
slotted-total pressure pickups with slots across the annular duct at
epproximately nacelle station 60.0. The orifice locetions for the wall-
exit pressure and rocket chamber pressure are shown in figures 3(a) and

4, respectively.
Wm
SN
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Date for the flight tests were obtained by use of telemeter,
CW Doppler veloclimeter, tracking reder, and rawinsonde. The rawinsonde
gave & survey of the atmospheric conditions over the test altitude. The
model veloclty obtalned with the veloclimeter was corrected for wind
veloclty which wes determined from rewinsonde measurements.

TEST AND ANALYSIS

Ground Tests

A preflight stetic firing of the turbojet simuletor with the ejector-
shroud assembly of model 1 comnected was made at the Langley rocket test
cell and measurements of the thrust of the system, the rocket chamber
pressure, the secondary inlet static and total pressures, and the wall-
exlt pressure were recorded.

Flight Tests

The models were launched from a raeil-type launcher (fig. 5) at an
angle of approximately 53°. A single 65-inch rocket motor boosted each
model. to the peak Mach number. dJet-off date were obtalned during the
decelerating flight after seperation of the model from the booster and
after burnout of the simulator motor. Jet-on data were cbtained during
the firing of the turbojet simuletor. Models 1, 3, and 4 coasted to
subsonic speeds before a twrbojet simuletor fired, while model 2 was
fired efter e short coast time to obteln a higher test Mach number with
Jet on, as shown in figure 6. This produced e higher Reynolds number
for model 2 than for models 1, 3, and 4 with Jet on (fig. 7), since the
altitude wes lower end the free-stream static pressure grester. 8Simi.
larly, the Jet statlic-pressure ratio presented in figure 8 was lower
for model 2 than for models 1, 3, and 4.

Anslysis

From the date obteined in the preflight statlic test, a calibration
curve of the measured thrust of the system as a fumction of rocket chamber
pressure was made. During the preflight statlic test the primery Jet
entreined some secondary cooling alr which amounted to e corrected welght-
flow ratlo of 0.009. Therefore, the measured thrust obtalned from the
caelibration curve included the thrust of the primery Jet as well as any
effect on the measured thrust from a corrected secondsry welght-flow
ratio of 0.009.

Inasmuch as the rocket chember pressures were recorded in flight,

the thrusts of the propulsion systems for the flight models were obtained
by using the established calibration curve and an altitude correction.

These values of mesasured e then used in computing Jet-
on values of the drag coefficlent, ,on) which have been plotted asgainst

CONNEDEi,,.
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Mach number in figure 9. Also plotted in figure 9 are jet-off values
of total drag and base drag coefficlents for the models. The procedures
of computing Jet-on and Jet-off drag coefficients and base drag coeffi-
clents were the same as those outlined in reference 1.

Reference 13 has shown that the gross thrust of a conical eJector
varies with secondary air flow; that is, for a given engine thrust the
gross thrust of the conical-ejector system Increased as the ratio of
the secondary welght flow to the primary welght flow increased. During
the flight tests of the presemt models, the amount of secondary air
‘Inducted by the scoops varled although the primary Jet remained relatively
constent. Since no attempt was made durlng preflight static tests to
evaluate the effect of the secondary welght-flow ratio on the gross thrust
of the conlecal elector, it was necessary to use data obtalned from a com-
parable ejector to estimate the change in the elector gross thrust in
flight. Configuration G of reference 13 was comparsble to the conicel
ejector used in models 1, 2, and 3; configuration G had sn 8° conical
shroud, an 1/dp of 0.408, and & dgfdp oOf 1.10 as compered with a
7.5° conicel shroud, an 1/d; = 0.387, and & dgf/d, of 1.256 for
models 1, 2, and 3. Configuration G'was also tested at approximately
the same Jet temperature and Jet pressure ratio as the present models.
Although the ejector geometry was slightly different, the data of refer-
ence 14 show that the effect of the differences in geometry for the Jet
pressure and welght-flow ratios covered was small., Thus, it wes assumed
that the variation of the -gross thrust of the ejector with corrected
secondary alr-flow ratlio for models 1, 2, and 3 would be the same as that
of configuration G of reference 15. The slope of the curve of the ratio
of the elector gross thrust to the primary Jet thrust as a function of

d(Fe4/F
d(wB/wp Te/Tp
3,750° R afterburner tempersture. By using this slope, the increment
in the ejector gross thrust between the actual flight corrected welight-

corrected welght-flow ratilo was determined for the

flow ratios and that of the preflight statlc firing Fi =2 = 0.009)

%

was obtalned. Then, this increment was added to the ejector gross thrust
g
¥
flight corrected weight-flow ratios. This corrected thrust was used to

compute the Jet-on drag coefficlents for models 1, 2, and 5 which have
been plotted against Mach number in figure 10.

iy
obtained for ,/ﬁ of 0.009 to give the ejector gross thrust at the

Model 4 had different ejector-shroud gecmetry than the other models
(that is, dp = 0.097) and it wes assumed to perform as a zero-length

ejector system. The measurements made on the secondary air-flow system
of this model indicated thet the secondsry momentum which existed for
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Jet~off end Jet-on flight was smell and was approximstely the seme value.
Thus, 1t was assumed that the gross thrust of the system wes the same

as the thrust of the primary Jet. Therefore, the calibration curve
obtained from preflight static test was modified to represent the thrust
of the primery Jet alone by subtracting the increase in thrust indicated
by reference 13 for corrected weight-flow ratio of 0.009. This modified
calibration curve was then used to determine the total thrust of model k4
and from these values the Jet-on drag coefficients were computed end
presented in figure 10(d).

The corrected weight-flow ratio was determined from the following
ratio of the continulty equations for the secondery end primery Jets:

-SRI

wvhere pg wes measured directly in flight and Mg was cobteined during
supersonic speeds by assuming a normal shock stending in front of the
Inlet and determining the free-stream totel pressure entering the inlet.
A zero loss was assumed from inlet entrance to inlet throat vhere Ay

and pg Wwere measured. The primary weight flow was determined by using

the conditions existing at the simulator sonic exit station: +that is,
M.p =1, AP was measured, and Pp Wes determined from the prefllght

modified celibration curve. The values used for the thermodynemic prop-
ertiles, 7y &end R, of the secondary cooling air and primary Jet were
as follows: 75 = l.40, R, = 53.30, 7p =1.25, Ry = 65.90, and &

primery Jjet tempereture at approximately l,000° R.

Accurscy

In order to esteblish telemeter accurecies, statistical deta have
been compiled over e number of years by the Instrument Research Division
of the Iangley Laboretory; on the basis of these data 1t 1s believed thet
the maximum probable error of each messurement 1s ebout tl percent of the
full-scale range.

The error in totel Jet-off drag coefflcient was obtained by esteb-
lishing a root-mean-square total-~drag-coefficient curve for five bodies
of revolutlon which were also the same basic bodles of revolution and
were spproximetely the same weight as the test models (excluding the
secondary scoop). A standaerd deviatlion or root-mean-square deviation
from the meen-drag curve wes calculsted for several Mach mmbers and
these deviations are tabulated below. The accuredy of wall-exlit pressure

COMNEDENS k>

’
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coefficlents was computed by using the probable instrument errors given
earlier, on the basis of the foregolng, the test accuracies for Jet-off
conditions are within the values tabulated below:

Mach number Cp,w ACp, t,rms
0.95 +0.015 +0.0103%
1.10 +.,005 +.0058
1.30 +£.005 1+ .0058

The veloclty measured by the CW Doppler velocimeter is known to
have an error of less then 1l percent. Since Mach number is determined
from velocity, the sbove quoted errors ealso spply to Mach number.

The degree of eccuracy obteined for the computed Jet-on drag coef-
ficlents was based malnly on the accuracy with which the thrusts of the
rocket motor could be calculated since the absolute values of the thrust
‘were sbout four to ten times greater than those of the drag for all models
tested. It was concelvable that a maximum probeble error of t10 pounds
of thrust could have been inherent in the technigue used for obteining
flight thrust values (because of the quoted probable error of the static
thrust stand employed in the preflight testing phase of the simulator).
This error corresponds to an error in jJet-on dreg coefficients of +0.0LkL
at M =0.95, 10.033 at M = 1.10, and $0.025 at M =-1.30.

RESULTS AND DISCUSSION

Drag

The variation of Jet-off and Jet-on total drag coefficients and Jet-
off base drag coefficients with free-stream Mach number for the present
models is presented in figure 9. These totel drag coefficilents (Jet off
and Jet on) were obtailned by using the measured flight date and preflight
callbration curve as outlined in the anslysis section. The jet-off base
drag coefficlents for the models tested have the same general trends,
that 1s, negative or thrusting values in the transonic region and, except
for model 2, have slightly positive values in the supersonic region. The
Jet-off base dreg coefficients for model 2 remain slightly negative in
the supersonic region, but the difference which exists between this model
and the others is negligible, that is, the difference lies within the
accuracy of the data. Models 1, 2, and 4, the single-scoop models, have
about the same megnitude of Jet-off total drag coefficients throughout
the test Mach number renge whereas model 3, the double-scoop model, has

weepnBORBETDERNDI 1.
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about a 20 percent higher drag coefficlent in the supersonic reglon.
The Jet-on total dreg coefficlents, Cﬁ,on for all models tested were

lower then the Jet-off values throughout the test Mech number range,
model 3 having the largest reduction.

The Jet-on values of drag coeffliclents presented in figure 10 have
been altered from those presented in figure 9 by lncluding the estimeted
effect on the measured £flight velues of thrust due to differences in
secondary rate flows in the conlcal eJector system from that used In the
preflight stetic test. The procedure, by which the gross thrust of the
conicel ejlector systems for models 1, 2, 3, and 4 were obtained, has
been outlined previously in the anelysls section.

Figure 10 shows the variation of Jet-on total drag coefficlent and
the Jet-off forebody drag coefficilents (totsl drag minus base drag) es
a function of free-stresm Mach number. This plot shows that the magnitude
of Jet-on totel drag coefficlents 1s lower throughout the test Mach number
range than the Jet-off forebody values for ell models tested. The dif-
ferences which exlist between the Jet~off forebody dreg coeffilclents and
Jet-on total-drag coefficlents are an Indication of the amount the Jet-off
boattall and fin drag coefficlents have been reduced by operation of the
Jet, the largest reduction sppearing in model 3 (fig. 10(c)) which inci-
dently had the meximum amount of secondary cooling alr mixing with the
primary Jet.

Figure 1l summerizes the Jet-off forebody drag cD,f and Jet-on

totel drag coefficients for models with no scoop (model 3 of ref. 1),
single scoop, and double scoop. The Jet-off forebody-drag-coefficlent
curve for the single-scoop model represents & mean curve-derived from
models 1, 2, and 4. The addition of scoops to take in secondary air flow
increased the Jet-off forebody drag coefficlents above those for the no-
scoop model, and the megnitude of the increase was almost twlce as great
for the double-scoop model as 1t was for the single-scoop models. There
appears to be en effect of supersonic Mach number on the msgnitude of the
increese; that is, as the Mach number increszses sbove l.2, the change in
forebody drag coefficlent between the no-scoop model and models with
scoops tends to Increasse. Figure 11 shows that, when the propulsive Jets
were operated, the drag coefficlents were reduced from the Jet-off wvalues.
For sll models tested, the Jet-on total drag coefficients were somewhat
grester than those of the no-scoop model, but the magnitude of drag reduc-
tion between the Jet-on and Jet-off condlitions for all models represented
in this plot were of the seme order of magnitude. Also, within the accu-
racy of the test results, increasing the amount of secondary slr flow by
doubling the number of scoops tended to increasse the Increment in drag
coefflclent between Jet-on and Jet-off flight. Although decreasling the
ejector-specing ratio Ildp (model L) tended to decremse the increment

between the Jet-on end Jet-off drag coefficlents.

L
N e
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W ,'.'l'
The corrected weight-flow ratio ;ﬁ- T:' varied from approximately
) P

0.014 to 0.020 for model 1, 0.019 to 0.028 for model 2, 0.025 to 0.0k
for model 3, and 0.0l4 to 0.021 for model L. (See fig. 13.) This vari-

able ‘—;ﬂ- '%:- eppears to have some effect on the magnitude of drag reduc-
P
tion obtained for all models tested, but it is difficult here to separate

W, ’T
the effects of Jet static-pressure ratio pp/pm and ﬁ -T-:- on ‘the
magnitude of the reduction obtained. BSome indication of the effect of

increasing Eﬁ- /%:- on the magnitude of drag reductlion can be observed
P

from the larger increment in drag obtained for model 3 over the others

(£igs. 10 and 11). In gemersl then, by increasing ;g\/%_: for the

models tested, there appears to be a tendency towards further reduction
in Jet-on total drag coefficlents from jet-off wvalues.

Blector-Shroud Characteristics

Figure 12 presents the verilation of Jet-off and Jet-on wall-exit
Pressure coefficient with free-stream Mach number for models 1, 2, 3,
and 4. It has been assumed thet the Jet-off wall-exit pressures are
representative of the megnitude of the pressure which existed across
the base and, &8 a result, they have been used to compute the base drag
coefficients which were presented in figure 9.

The operation of the primery Jet increased the wall-exit pressure

coefficient CP v for all models tested. Within the limits of these

data, models 2 ;.nd. 3 appear to falr into a comtinuous curve that falls
well below that of model 1. Inesmuch as the ejector geometry for
models 1, 2, and 5 was the same and the total pressure of the primary
Jet Pg,p wes relatively constant for these models, it appears thet one

of the reasons thet the value of Cp,w of models 2 and 3 fells below

that of model 1 can be attributed to the differences in total pressure
of the secondary sir flow Pt,s between that of model 1 and that of

models 2 and 3. Figure 13, e plot of the varietion of Pw/Pt,p with
Pt,s/Pt,p' shows that Pt,s for models 2 and 3 is epproximately the same

over a portion of the range covered and i1s considerably greater than the
Pt,s values of model 1. Although there were not enough messurements made

in these tests to determine the reeson that Pt,s effects Cp,w’ it is
felt that the secondary alr flow tends to act like a cushion between the
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conicel shroud wall end the primery Jjet. Thus, as Py,s increases, the
cushloning effect increases end causes cp,w to decrease.

The Jet-on value of Gp w Tor model 4 gppears to remain relatively

>
congtent throughout the test Mech mumber range. When the Jet-on value
of CP w OF model 4 is compared with the values for the other test
b

models, it shows the least amount of 1nfluence of the primery Jjet on Cp,w.

The location of the wall-exit pressure orifice for model 4 was approxi-
mately 1n the ssme plane as the exlt of ‘the primery nozzle whereas, for
the other models 1t wes sbout 0.29 Jet dlameters downstream. Thus, the
primery Jet had much less chance of Influencing the value of ('JP"w for

model 4 than it had for the other models.

In figure 13, the variation of the ratio of wall-exlt pressure to
the totel pressure of the primary Jet P‘wlpt,p with the totel-pressure

ratlo of the secondary to primary Jet Py g /Pt D has been plotted for
2 2

the present models. The date for the ejectors of the same geometry
(models 1, 2, and 3) were plotted end formed a continuous curve which
1s within the accuracy of the deta. The variation, which existed in
this curve for the limlted range of P‘b, s /Pt,p covered, was felt to

be due mainly to the effect of Py g OB Py As Py g VOB Increased,
) 3
a £ £ « Th
P, ecreased for relatively constant velues o Pt,p e pw/P'b,p

data for model L were approximately 40 percent lower then the data for
the hlgher spacing ratlos. It appears that the value of pwlp_b D for
2

model 4 was insensitive to any increase in P'b s/pt P for the limited
J J
range covered.

In order to glve some indicetion of the pumping performence for the
ejector-shroud assemblies used in the present models (fig. 1k4), the
variation of the total-pressure ratio of the secondary Jet to the primary
Jet wlth corrected welght-flow ratio has been prepered. Figure lll-?:.) is
a8 comparison of the pumping performances obtained for models 1, 2, and 3
(3/ap = 0.387) with results obtained from reference 15 (configuration G)

and reference 14 (configuration with 1fdp of 0.39 amd dg[d, of 1.21).

Although the spacing ratlos and dilameter ratlos from these references were
not exactly equal to values of the present models, nonetheless, it was
felt that such & comparlson would at least Indlceate that the ejJector-
punmping-performence data obtained for the present models were in general
agreement. The s0lld curve presented in this plot was obtained from =
cross plot of the date presented in reference 1% which had & temperature
ratio of 1.0 (cold jets). Deata of reference 13 presented in this plot
show the veriation of afterburning and nonsfterburning temperatures on

prm==
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the pumping performence of configurstion G. Also plotted in figure 14(a)
are same pumping-performance date obtalned from the preflight static test
(dashed circular symbols). Model I could not be included in the compari-
son with the other models because of the pronounced difference In spacing
ratio (1fdp = 0.097); thus, the pumping-performence date of model 4 have

been presented in figure 1k (D).
CONCLUSIONS

Four T7.5° boetteil bodies of revolution with secondary alr scoops,
a dlsmeter ratio of 1.256, and spacing ratlios of 0,387 and 0.097 were
tested in free flight with a turbojet simulator to determine the effect
of & primary Jet wilth secondary air flow on the configuration drag in
the transonic and supersonic speed ranges. Jet-off data covered a Mach
number renge from 0.85 to 1.47 and Jet-on data from 0.92 to 1l.47. The
Reynolds number (based on body length) for the jet-off data varied frum

19.5 x 106 to 52 x 105 and for the jet-on date, from 25 x 10° to

6.9 x 106. The Jet to free-stream static-pressure ratioc veried from
epproximately 3.0 to 4.2, The data obtained for the models indicated
the following conclusions: - — .

l., The addition of scoops to induct secondary selr flow Increased the
Jet=-off forebody drag coefficlents above those for the configuration
with no secondsxry scoops., The magnitude of ~the increase was almost
twice as great for the double-scoop model as 1t was for the single-scoop
models,

2. When the propulsive Jets were operated, the dreg coefficients _
were reduced from the values obtalned with the Jet off. For all models
tested the Jet-on total drag coefficlents were somewhet grester ‘than
those obtained for the no-scoop model, but the drag reduction between
Jet-on and Jet-off conditions for all models represented was of the same
order of magnitude.

5. Within the accuracy of the test results, increasing the amount
of secondary air flow by doubling the number of scoops tends to Increase
the increment in drag coefficlent between Jet-on and Jet-off £light
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conditions. Decreasing the ejector-spacing ratio tended to decrease
the increment between Jet-on and Jet-off drag coefflclents.

Langley Aeronautlcal Leboratory,
National Advisory Committee for Aeronautics,

langley Fleld, Va., August 10, 1956.
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TAELE I.- COORDINATES OF PARABOLIC NOSE

[Sta.tion measured from fuselage nosél

Station, Ordinate,
in. in.
0 o]
1 245
2 481
4 «923
6 1.327
10 2.019
14 2.558
18 2,942
22 3.173
26 3.250

NACA RM 1L56H23



(a) Models 1, 2, and % (single-scoop models). L-90310
1 "Lt L L
“f } | ’ l” i:th- B o

(i

L-5019%

(b) Model 3 (double-scoop model).

Figure 1.- Photographs of extermal configurations for the models tested.
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Figure 2.- Detalls end dimensions for a typlcal test model. A1l Almen-
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3/32 Wall

y o 4 y o 4 v y - b
2z

g

22l

Wall- exit pressure tube

Model lel:gbifg 1 mﬁzfin%/ dp ra.ﬁ?feted: [dp
1 1.00 0.387 1.256
2 1.00 387 1.256
>3 1.00 387 1.256
b 25 .097 1.256

(e) Detell and dimensions of the conical ejector-shroud
assembly used. All dimensions are in inches.

Figure 3.- Some ejector-shroud assembly characteristics.



Wall-exit pressure tube

Models 1, 2, snd 3 (1/dp = 0.387) Model & (1/dp = 0.097)

L-95TT6
(b) Photographs of ejector-shroud assemblies used.

Figure 3.~ Concluded.
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Combustion chamber static-
pressure tube
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Figure 4.- Cross section of typical turbojet simulator. All dimensions
are in Iinches.
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Figure 5.~ Photograph of model end booster on launcher.
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(d) Model k.

Figure 6.- Variation of free-stream Mach nunber with time for the models
tested.
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Flgure 7.~ Variation of Reynolds mmber with Mach mumber for all models

tested.

Reynolds mmber 1s based on body length.
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Figure 8.- Varietion of Jet static-pressure ratio with free-stream Mach
number for the models tested.
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Figure 9.- Varlation of Jet-off and Jet-on total-dreg coefficient and
Jet-off bese drag coefficient with free-stream Mach number.
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Figure 9.~ Concluded.
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Figure 10.- Varletion of Jet-off and Jet-on forebody drag coefficient
(total drag minus bese drag) with free-stream Mach number.
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Figure 10.- Concluded.
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Figure 11.- Sumvary of the variation of Jet-off forebody and .‘je’t—qn drag
coefficients with frees-stream Mach mmber for models having no scoops,
single scoops, and dovble scoops.
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Figure 12.- Variation of wall-exit-static pressure coefficlent with free-
stream Mech number.

GUREIDENET "



32 .

1.5

1.2

1.0

N3

o4

oPl'

o9

1.0

1.4

1.5

9

2.1 1.2
Neg

(a) Model k.

1.3

Figure 12.- Concluded.
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Figure 13.~ Wall-exit pressures for ej)ector-sbroud assemblies.
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(b) Spacing ratio, 0.097.

Figure 1l4.- Pumping cheracteristics of ejector-shroud assemblies.
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